The essential oil (EO) was isolated from aerial parts of Dianella ensifolia (L.) DC by hydro-distillation and its chemical constituents was determined by GC-FID and GC-MS. In total, sixty-three compounds comprising 97.2% of the EO were identified. The major compounds in D. ensifolia EO were found to be allo-aromadendrene (7.3%), geranylacetone (6.2%), hexahydrofarnesyl acetone (4.4%), longifolene (4.2%) and β-caryophyllene (4.0%). Besides, the essential oil was evaluated for its antibacterial activity by disc diffusion and broth microdilution method. The D. ensifolia EO exhibited a potential broad-spectrum in vitro antibacterial activity against both Gram-positive and Gram-negative bacteria. Also, antioxidant activities of the EO were examined by employing DPPH, ABTS as well as FRAP assays. A weak to moderate antioxidant activity of the EO was observed. Furthermore, in vitro cytotoxic activity evaluation against the cell lines HepG2 and MCF-7 by MTT method showed a potent cytotoxicity with IC50 values of 61.35 μg /mL and 56.53 μg /mL, respectively.
Plant Source
The fresh aerial parts of Dianella ensifolia (L.) DC were collected in May 2018 from Guigang in Guangxi Province of China. The plant material (voucher specimen NO.0180036) was identified by Prof. Hong Zhao and deposited at the Laboratory of Botany of Marine College, Shandong University, China.
Previous Studies
Dianella ensifolia (L.) DC., an evergreen perennial herb belonging to the genus Dianella (Liliaceae family), is widely distributed in the south of China. In Chinese traditional medicine, D. ensifolia is widely used for treating lymphangitis, tinea and carbuncle sore abscess [1] . Previous phytochemical investigations conducted with various parts of Dianella ensifolia have resulted in the isolation and identification of triterpenoids [2] and flavans [3] from the roots, dihydronaphtaquinone and quinones from the leaves [4] and propanes from the methanol extract of the plant [5, 6] .
Present Study
To the best of our knowledge, no study regarding D. ensifolia essential oil has been performed. Here we analyzed the chemical constituents of the essential oil extracted from the aerial parts of D. ensifolia and evaluated its antibacterial, antioxidant and cytotoxic activities (the experiments details were provided in Supporting Information). The air-dried aerial parts of D. ensifolia were isolated by hydrodistillation method and the EO was obtained in the yield of 0.28% (v/w). Sixty-three compounds accounting for 97.2% of the total essential oil were determined by GC-FID and GC-MS ( Table 1 ). The predominant components of D. ensifolia EO were identified as allo-aromadendrene (7.3%), geranylacetone (6.2%), hexahydrofarnesyl acetone (4.4%), longifolene (4.2%) and β-caryophyllene (4.0%). It is interesting to note that these predominant compounds had been demonstrated to exhibit extensive biological activities. Allo-aromadendrene, the epimer of the tricyclic aromadendrene, has been demonstrated to significantly inhibit cell growth and proliferation in the highly malignant + SA mammary epithelial cells at a dose of 20 μM [7] , and possessed a potent in vivo protective effect against juglone-induced oxidative stress in the Caenorhabditis elegans and prolonged its lifespan [8] . Also, Hexahydrofarnesyl acetone had been proven to exhibit a potent antimicrobial and cytotoxic activity [9, 10] . In addition, geranylacetone played an important role in the plant-insects interactions [11] , and had a potential effect to inhibit the growth of Gram-positive bacteria [12] . The antibacterial property of the EO was estimated by disc diffusion [16] and micro dilution method [16] and the results are expressed as diameters of inhibition zones (DIZs), minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) in Table 2 . The D. ensifolia oil effectively inhibited the growth of all studied bacteria strains with the DIZ values ranged from 10.5 ± 1.3 to 16.3 ± 1.7 mm and the MIC values ranged from 0.16 to 0.31 mg/mL. The MBC/MIC ratio is no more than 2, which suggested that the D. ensifolia essential oil presented a good bactericidal effect for the tested bacterial strains. The good antibacterial activity of the D. ensifolia essential oil observed may be associated with the presence of geranylacetone, hexahydrofarnesyl acetone, longifolene and βcaryophyllene, which were reported to have antibacterial effects against many bacterial strains [9, 12, 17, 18] . However, synergistic effect between constituents should not be neglected, since it may cause a much more noticeable effect than single component [19] [20] . The antioxidant capacity of the EO was examined using various methods, namely, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging, 2,20-azinobis-3-ethylbenzothiazoline-6-sulphonate (ABTS) cation radical scavenging, and ferric reducing antioxidant potential (FRAP) assays [16, 20] . Trolox and BHT (butylated hydroxytoluene) were used as the positive controls. The results of DPPH assay demonstrated that the D. ensifolia essential oil showed a weak radical scavenging activity with IC50 of 1.37 mg/mL, which was much higher than the IC50 values of reference standards, BHT (IC50 of 0.005 mg/mL) and Trolox (IC50 of 0.036 mg/mL). Nevertheless, a moderate antioxidant activity was observed in the ABTS assay (IC50 value of 0.13 mg/mL). In FRAP assay, the ferric ion reducing capacity was expressed in TEAC (Trolox equivalent antioxidant concentration) units (μmol Trolox × g -1 EO). The result revealed a moderate reducing activity of the EO (TEAC = 134.70 μmol Trolox × g -1 ). The most abundant compounds in the D. ensifolia essential oil, viz., allo-aromadendrene, geranylacetone, and β-caryophyllene have been reported to exhibit antioxidant activity [8, 11, 18] . The cytotoxicity of the EO was evaluated against HepG2 (liver hepatocellular cells) and MCF-7 (human breast adenocarcinoma cell line) cell lines using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide] assay [16] . Doxorubicin was used as the positive control. The result is given in Table 4 . The essential oil of D. ensifolia exerted a dose dependent cytotoxic effect on HepG2 and MCF-7 tumor cell lines with IC50 values of (61.35 ± 14.57) μg /mL and (56.53 ± 11.54) μg /mL, respectively. The interesting cytotoxic activity toward cell lines could be due to the main compounds in the essential oil. In addition to allo-aromadendrene and hexahydrofarnesyl acetone, literature reported that β-caryophyllene also showed potential ability to inhibit tumour motility, cell invasion and tumour aggregation [18] . 
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